4-Arylaminoquinazoline-2-carbonitriles 5a -i were obtained by a one-step synthesis in moderate to good yield by reacting 2-aminoarylbenzimidamides 3a -i with tetracyanoethylene (TCNE, 4) in ethyl acetate at r. t. for 4 -6 h. The structure of the selected benzimidamide 3c was determined by single crystal X-ray diffraction.
Introduction
Quinazolines are a class of heterocyclic compounds that have attracted much attention within the last decades due to their widespread application and their pharmacological importance [1 -7] . Quinazolines generally have been obtained from amides or amidines [2, 3, 6, 10] . Although 4-arylaminoquinazoline derivatives have recently been synthesized very simply [6] , there has been little progress in the study of their chemical behavior. Certain quinazoline derivatives have been efficiently prepared by condensation of acids [8] or aldehydes [9] with 2-aminoarylbenzimidamide derivatives, produced from fusing primary or secondary amines with nitriles in the presence of AlCl 3 as a catalyst [11 -13] . The synthesized amidines were found to have a wide range of biological activities [14, 15] .
Results and Discussion
Our present work has two main goals: the first one is to improve the yield of the products obtained by the reaction of 2-aminobenzonitrile (1) and various aniline derivatives 2a -i. In the method described in the literature [9] the yields of the respective amidines were low, and the applied protocol could not be used to synthesize alkoxy derivatives. This prompted us to synthesize various 2-aminoarylbenzimidamide derivatives 3a -i containing a variety of substituents including alkoxy and dihalo moieties (Scheme 1).
0932-0776 / 09 / 0700-0858 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com This goal was achieved by diminishing the fusion time from 1 h to 20 -30 min and lowering the reaction temperature from 200 • C to 170 -180 • C in addition to using equimolar ratios of the reactants (see Experimental Section). The use of high temperatures and long reaction times together with excess amounts of the catalyst could lead to either formation of stable complexes between catalyst and reactants or polymerization reactions causing a lowering in yield or even absence of products, as in the case of the alkoxy-substituted compounds. Moreover, we noticed that in the literature the 1 H NMR data of the starting materials were measured in [D 6 ]DMSO and [D 6 ]acetone [9] although we have found that all samples dissolved easily in CDCl 3 . Furthermore no 13 C NMR data have been published for all of the previously obtained samples, a gap which we also wanted to fill. The second aim of our present work was to synthesize 4-arylaminoquinazoline-2-carbonitrile derivatives 5a -i, which could not be obtained by the usual protocol. To achieve this goal we reacted the obtained amidine derivatives with tetracyanoethylene (TCNE, 4) at r. t. in ethyl acetate for 4 -6 h (Scheme 2). The target compounds precipitated from the reaction solutions, and the products were collected by filtration and recrystallized from chloroform. This simple and efficient method made several heterocyclic compounds accessible that could not be synthesized by the usual approaches [16 -22] .
A mechanism proposed for the formation of compounds 5a -i is shown in Scheme 3. The aromatic amino group attacks an olefinic carbon atom
Scheme 1. Synthesis of 2-aminoarylbenzimidamides 3a -i.
Scheme 2. Synthesis of 4-arylaminoquinazoline-2-carbonitriles 5a -i. of TCNE first, thus releasing one equivalent of HCN. Subsequently the amidine amino group attacks the same olefinic carbon atom. This leads to the formation of the intermediates 7, which lose a malononitrile molecule and rearrange to products 5a -i. The structure of the products 3a -i and 5a -i were elucidated by using the usual spectroscopic methods such as IR and NMR spectroscopy. Moreover, the structure of the benzimidamide 3c was further confirmed by single crystal X-ray methods (Fig. 1a) . The double bond N2=C7 has been identified by its length of 1.299(2)Å, and all hydrogens of the NH 2 groups were freely refined. The interplanar angle between the planes (C1-7, N1-3) and (C8-13, N2, Cl) is 63
• . An intramolecular hydrogen bond N1-HN1B··· N2 (H···N 1.99(2)Å) is observed. The molecules are connected in the direction [101] by the rather long classical hydrogen bond N3-HN3A··· N1 (H···N 2.57(2)Å) and by the H··· π interactions HN1A···Cent(C8 -13) and H6···Cent(C8 -13), both 2.76Å (Fig. 1b) . The chains are connected in the third dimension by the interaction H10···Cent(C1 -6) 2.59Å (not shown in the Figure) .
The IR spectra of these products showed two absorption peaks at 3343 -3375 and 2251 -2200 cm −1 which are characteristic for NH and CN, respectively. The carbon atoms of the cyano groups resonated at 115.03 -115.70 ppm. Furthermore, the 1 H NMR spectrum revealed, in addition to the aromatic protons, a peak at 7.34 -10.37 ppm originating from the NH protons. Finally, the mass spectra showed the molecular ion peaks in accordance with the products 5a -i.
Conclusion
On the basis of the above experimental results, it is concluded that a series of 4-arylaminoquinazoline-2-carbonitriles have been synthesized for the first time by a one-step protocol at r. t. in moderate to good yields.
Experimental Section

Starting materials
All reagents were purchased from Alfa Aesar, Fluka and Aldrich companies and were used without further purification. The melting points were measured in capillary tubes without corrections using a Büchi 530 melting point apparatus. The NMR spectra were recorded on a Bruker AM 400 MHz spectrometer with TMS as internal standard; the coupling constants are given in Hz. The mass spectra (EI) were performed using a Finnigan MAT 8430 spectrometer. IR spectra were run as KBr discs using a Bruker Tensor 27 instrument.
Synthesis of compounds 3a -i
General procedure
0.01 mol of 2-aminobenzonitrile (1) was fused with 0.01 mol of the aniline derivative (2a -i) to form a homogeneous solution. Then 0.01 mol of anhydrous AlCl 3 was added, and the reaction mixture was heated at 170 -180 • C for 20 -30 min. 10 % aqueous HCl solution was added, and the mixture was heated for 5 min. The resulting solution was filtered while hot into a conical flask containing 10 % aqueous NaOH solution. The colorless precipitate that formed was collected by filtration under suction, washed with water until the filtrate was neutral, and left to dry at r. t. overnight to give the 2-aminoarylbenzimidamide products 3a -i in 50 -65 % yield. (12), 281 (62), 279 (100), 262 (40), 244 (80), 227 (10), 200 (8), 192 (12), 143 (4), 109 (8), 92 (36), 75 (4) 
(Z)-2-Amino-N -(2,5-dimethylphenyl)benzimidamide (3f)
(Z)-2-Amino-N -(3-methoxyphenyl)benzimidamide (3h)
Yellowish
Reactions of 3a -i with tetracyanoethylene (TCNE)
General procedure
One mmol of 2-aminoarylbenzimidamides 3a -i was dissolved in 10 mL of dry ethyl acetate, and this solution was added to a solution of 2 mmol of tetracyanoethylene (4) in 10 mL of dry ethyl acetate; the color of the reaction mixture changed from yellow to yellowish red. The reaction mixture was stirred at r. t. for 4 -6 h. The colorless to yellow solid that precipitated was collected by filtration and was recrystallized from chloroform to give 4-arylaminoquinazoline-2-carbonitriles 5a -i in 57 -73 % yield. 
4-(Phenylamino)quinazoline-2-carbonitrile (5a)
Yellow
